Statics is one of the fundamental courses required for engineering students, particularly for students in the mechanical, civil and aerospace fields. This course introduces students to modeling and solving real-world systems, including drawing Free Body Diagrams (FBD) and setting up equilibrium equations. These two skills are critical for bridging introductory courses to more advanced courses, such as Dynamics, Mechanics of Materials and others. The process of teaching these foundational skills typically involves giving students opportunities to hone their problem solving skills through homework assignments and exams. In this paper, the authors introduce reflection as a tool to gauge understanding, confidence and performance. This too is used to intervene in homework assignments and exams in order to enhance and improve students' meta-cognitive awareness and self-regulated learning.
Introduction
From Donald Schön's emphasis on the "reflection in action" and "reflection on action" as being a key characteristic of professional practice 1 to the reflective learning phase in Kolb's Experiential Learning Cycle 2 , the value of reflection in teaching and learning is broadly recognized and documented. More recently, John Dewey's criteria for defining reflection were updated by characterizing reflection as a meaning-making process, a systematic and rigorous application of scientific inquiry, and an activity that must happen in the context of a community, particularly one that values attitudes of personal and intellectual growth. Increasingly, the potential benefits and contributions of integration of reflection into the engineering curricula and engineering education more broadly are being explored more widely 4, 5 . Reflection has been described as "intentionally making meaning of experiences in service of future action". 6 This definition of reflection relates to the concepts of self-awareness and selfassessment in metacognition: the ability for students to identify what they know, how well they know it, and subsequently make choices about future learning strategies.
The relevance of these activities and approaches related to reflection and their potential applications to engineering education are particularly evident to the fields of self-regulated learning and metacognition. Self-regulation or self-regulated learning is defined as "an active, constructive process whereby learners set goals for their learning and then attempt to monitor, regulate, and control their cognition, motivation, and behavior, guided and constrained by their goals and the contextual features in the environment" (p. 453). 7 In the context of academic achievement and student motivation, three key features of self-regulated learning are identified: 1) a recognition of how the metacognitive, behavioral, and/or motivation strategies are used to help self-regulated learners achieve their academic goals; 2) a cyclical feedback loop monitoring the effectiveness of learning methods on an ongoing basis; and 3) a motivation for why a specific strategy or response is understood, emphasizing the interdependence between student learning and motivation. 8 A reflection activity that incorporates these features of self-regulated learning is the concept of homework and exam wrapper. Wrappers are defined as structured reflection activities that guide students in the practice of metacognition after they get back their graded exams or assignments. 9 For example, the exam wrapper is designed to transform the use of exams, particularly in entrylevel college courses, from being simply an "end" or summative learning assessment to a more formative, iterative process. In particular, exam wrappers (along with homework wrappers, lecture wrappers, etc.) promote more effective self-regulated learning in students by asking students to reflect on their learning strategies, compare their learning strategies to the learning outcome results, and finally to adjust their learning strategies appropriately. 9, 10 By reviewing their graded homework and exams, students are prompted to consider how they might change the way prepare and study for assignments and exams in the future.
As part of work with the Consortium to Promote Reflection in Engineering Education (CPREE), a series of homework and exam wrappers were designed and implemented in a statics course. These wrapper reflection activities required minimal in-class time to complete, were tailored to specific homework assignment and exam contexts, and were implemented several times throughout the course. This paper explores the impact of homework and exam wrappers in helping students identify their common mistakes on assignments and their confidence in engineering statics concepts. Our research team was interested in how homework and exam wrappers could be introduced into an introductory statics course with a focus on two guiding research questions as followed: 
Descriptions of Course and Subjects
ENGR 14: Introduction to Solid Mechanics (E14), is a statics course required for engineering majors. The structure of E14 includes weekly lectures, six problem sets, three exams, and weekly group-based labs taken over a ten-week quarter term. In the current study, wrappers were incorporated into two homework sets and one take-home exam.
Figure 1: Chronology of the Implementation E14 Wrappers
Four in-class wrappers were implemented over a period of five weeks (see Appendices E-H for the wrapper assignments), as outlined in Figure 1 . A wrapper was given after the third homework assignment (HW3), after the fourth homework assignment (HW4), before the second exam (PreExam 2), and after the second exam (Post-Exam 2). Students completed the HW3, HW4 and Post-Exam 2 Wrappers immediately in-class after their graded assignments were returned. The Pre-Exam 2 Wrapper was conducted a week before Exam 2 was administered. The first exam (Exam 1) was an in-class exam that occurred a week before HW3 was returned to the students. Exam 2 was a take-home exam.
The HW3, HW4 and Post-Exam 2 Wrapper questions addressed four common elements: (1) student satisfaction with their assignment performance, (2) types of mistakes made in the assignment or exam, (3) level of confidence in knowledge of course concepts, and (4) openended questions on study strategies. The Pre-Exam 2 Wrapper focused exclusively on openended exam study strategy questions. In addition to Lovett's original wrapper design that prescribes questions on assignment mistakes and study strategies, the researchers added questions on student confidence and satisfaction to help the teaching team gauge students' performance in the class.
In Fall 2015, 75 students were enrolled in E14. Of these students, 70 completed the three wrapper assignments (HW3, HW4 and Post-Exam 2). Over half (57 percent) of the students included in this study were male, and 39 percent were female. The majority of the students were sophomores and juniors (87 percent, n=61) with a small percentage of freshmen and seniors (under 5 percent each). The planned major for 89 percent (n=62) of the students was in School of Engineering. Underrepresented minority (URM) students made 31 percent (n=22) of the total population.
Methods

Wrapper Data Analysis
Figure 2: Analysis Overview
To explore the "impact" of wrappers on students' learning, a qualitative analysis on open-ended responses, descriptive and correlation statistics of quantitative responses, and a linear regression model predicting exam performance improvement were undertaken, as detailed below. The independent and dependent variables are outlined in Figure 2 and Appendix A.
A. Student Reaction to the Assignment The HW3 and HW4 Wrappers prompted the students to reflect on their homework completion strategies. The HW4, Pre-Exam 2, and Post-Exam 2 Wrappers prompted students to reflect on their exam preparation strategies. This follows Lovett's wrapper design in that it gives the students a chance to make a connection between their study strategies and their assignment performance. Appendix C provides further explanations on the codes used on these open-ended responses.
Students were asked in the HW4 and Post-Exam 2 wrappers to comment on whether they implemented these study strategies they listed and if those strategies helped them in their learning. Additionally, an anonymous survey was conducted at the end of the quarter to ask students about the reflection practices conducted in the course.
B. Data Set Overview
Overall descriptive data for Type of Mistakes Identified per Student, Satisfaction, Confidence Levels and Grades are presented. This is done to provide an overall context of how the students performed on each of the three assignments associated with the wrapper exercises.
C. Score Distribution Analysis The Exam 2 score was chosen as the dependent variable since it was the culminating assignment in the wrapper series. The Exam 2 scores are continuous and normally distributed. The scores were used to divide the students into two groups in order to understand the characteristics of students who performed Above Average (> 87/100) and Below Average (≤ 87/100). This analysis approach illustrates two things: 1) wrappers as a platform for the teaching team to understand how the students are learning and performing in the course; and 2) wrapper engagement based on student exam performance.
D. Improvement Model
To quantify the "impact" of wrappers as a direct measure, the Improvement Model was created to determine whether the wrapper variables help predict students' improvement. In this model, "Improvement" is defined as the score difference between Exam 1 and Exam 2 for each student. The model explored how different variables, particularly the wrapper variables (listed in Appendix A), were correlated with the improvement outcome.
Statistical Tools Several statistical tools were employed for the analysis. These include dependent and independent t-tests, Analysis of Variance (ANOVA), Cronbach's Alpha, correlation and linear regression analysis. ( = 0.05 for hypothesis testing for the studies.
Variable Explanations
The following presents a detailed explanation of the variables in the data set. A table of variables with descriptive statistics is attached as Appendix A.
Type of Mistakes Identified per Student "Types of Mistakes" were measured using a chart; the students were instructed to check off which categories of mistakes they made, regardless of how often they made them. The students recorded their general mistakes (e.g. math errors, not showing work, not doing checks, sign errors and significant errors) on the HW3, HW4 and Post-Exam 2 Wrappers. In addition, on the HW4 and Post-Exam 2 Wrappers, the students recorded conceptual errors (e.g. mistakes in forming moment equations) and non-conceptual errors (e.g. missing coordinate axes). Appendix B provides additional explanations of mistake categories. The total "Types of Mistakes Identified per Student" variables are represented by the average total type of mistakes identified in each category (general, conceptual, non-conceptual) per student for each assignment. Satisfaction Students were asked how satisfied they were with their homework and exam performances on the wrappers. Assignment satisfaction was measured on a 5-point Likert scale ranging from "not satisfied" to "extremely satisfied", with 3 as "moderately satisfied."
Confidence Levels Concept confidence levels were measured using a 5-point Likert scale ranging from "not confident" to "extremely confident", with 3 as "moderately confident." The HW3 and Post-Exam 2 Wrappers asked about confidence levels on concepts related to "setting up and solving equilibrium equations." The HW 4 and Post-Exam 2 Wrappers asked about confidence levels on concepts related to "drawing Free Body Diagrams." Each concept was divided into smaller subgroups, with some subgroups consisting of several aspects (shown in the Wrappers included in Appendices E-H). For the final data set, all the confidence data for each major concept (equilibrium equations and FBD) were averaged. Cronbach's Alpha tests show high interconsistency between confidence data for both concepts on all three assignments. The concept "setting up and solving equilibrium equations" for both HW3 and Exam 2 has Cronbach's Alpha of 0.90 and 0.94 respectively while for "Drawing FBDs", Cronbach's Alpha of 0.89 and 0.92 for HW4 and Exam 2 respectively.
Results
Results -Student Reaction to Wrappers
The qualitative data collected on the wrapper sheets themselves and through the CPREE end-ofthe-quarter survey provide preliminary insights into how the wrappers may be helping students identify concepts that they are challenged by, as well as better study strategies. E14 students agreed that wrappers were enjoyable, worth the time, a good tool for learning key ideas in the class, and a good tool for doing well in their education more generally (median score of 4=agreement, on 5-point scale, CPREE Assessment report, n=69
). In open-ended responses on this same survey, students offered that the wrappers allowed for "comparing what I've improved upon since my last reflection and what work I still need to do for the course," helped "me assess how I may look at my previous success and move forward to improve" and allowed them to "realize my strengths and weaknesses in doing an assignment and then fixing the weaknesses for the next one." The clear iterative nature of learning and reflection come out in these comments.
By looking at students' open-ended wrapper responses about how they might tackle their future assignments (in light of reviewing their just graded assignment) and how well such planned strategies might have actually worked, we see two general categories of reflections. One category is students affirming specific things on which they made fewer mistakes. For example, on the HW3 and HW4 wrappers students offered such comments as: "Signs were not a problem anymore. Success!" and "I was organized with solutions, I answered specifically what homework asked, my signs were on point." Similarly, a student on her post-Exam 2 wrapper offered: "Yes, I made no mistakes in regards to external vs. internal loads, or pin joints specifically."
The second category of open-ended wrapper responses is on identifying and implementing strategies for successfully completing homework and for preparing for Exam 2. Examples of such strategies are: being deliberate and writing more in presenting a solution, reviewing past homework/solutions, starting preparation early enough, focusing study-time on hard (for that student) concepts, attending office hours, and studying with peers.
When the 70 open-ended responses on the HW4 wrapper to the prompt "Looking back at your HW3 Review Sheet, comment on whether you implemented the 1-3 things you listed in Question 4 when you were completing HW4" were coded, over 80 percent of them affirmed implementing the strategies they had identified in the HW3 wrapper. Consistent with this, nearly 70 percent of students reported in the post-Exam 2 wrapper having implemented their planned study strategies for Exam 2.
Results -Data Set Overview
An overview of the data is presented to provide a quantitative context to the student reaction to wrappers. Table 1 shows the students' self-reported confidence levels for setting up and solving equilibrium equations and drawing FBDs. The confidence levels are all around 4, which represents "Very Confident" in this research. The mean confidence levels increase between the homework and exam for both concepts and the increase is statistically significant, albeit with low effect size. Table 2 shows multiple trends in type of mistakes made across the three assignments. General mistakes dropped from 1.23 per student to 0.76 per student after HW3 wrapper (which is the first of the wrapper series). A dependent t-test was conducted and the drop of general mistakes between HW3 and HW4 is statistically significant (t = 3.22, p = 0.00). However, there is a insignificant increase in general mistakes (t = 1.02, p = 0.31) and a significant increase of conceptual mistakes between HW4 and EXAM 2 (t = 4.87, p = 0.00). This could be attributed to the increased conceptual difficulty of the exam. Non-conceptual mistakes post a statistically significant drop of 0.24 type of mistake per student (t = 2.58, p =0.01). Satisfaction levels drop by 0.36 between HW3 and HW4. This could be attributed to the material in HW4 which asked the students to work on drawing FBDs for the first time. Students made many FBD related mistakes (Conceptual and Non-Conceptual) that resulted in point loss in the assignment. It must be noted that the satisfaction levels hover within the confine of "Slightly Satisfied" and "Moderately Satisfied". The missing data as shown in the different sample sizes were due to some students forgetting to answer the question.
Results -Score Distribution Analysis
The following presentation shows the means of several independent variables (demographics, grades, satisfaction, confidence, types of mistakes) grouped by performance on Exam 2 (the dependent variable), with students whose Exam 2 score was above average (an 87/100) being the "Above Average" group, and everyone else being in the "Below Average" group. The demographics of the groups are presented in Table 4 , and show that female students are overrepresented in the Above Average group (59 percent of the female students in the class are in this group). Furthermore, 55 percent of the URM students in the class are overrepresented in the Below Average group.
Demographics
With regards to actual homework scores (see Table 5 ), the scores for each group are consistent across the assignments (the highest score means to the lowest score means); the students who did better in Exam 2 consistently performed better than those who did not, which may shed light on characteristics of students who populate these two groups (a point to be returned later in the paper). The satisfaction level for both groups has the same trend as compared to the overall class trend (lower satisfaction with HW4), as presented in Table 6 . Students in the Above Average group were more satisfied than their Below Average counterparts, which suggests that they are generally happier with their performances in these assignments. We also consider the confidence levels of the two groups (Table 7 ). An overview of the results showed an increase in confidence levels of both concepts in both Above Average and Below Average groups. Notably, students populating the Below Average group have confidence levels below the "Very Confident" mark while students in the Above Average group have confidence levels above the "Very Confident" mark. Finally, we consider students' self-identified mistakes across the three assignments (Figure 3) . The Above Average group outperformed the students in the other group consistently. Besides posting an overall lower number of type of mistakes identified per student as compared to the Lower Average group, the Above Average students also show decline in the number of type of mistakes identified across the three assignments (as opposed to the students in the Below Average group showing an increase of mistakes identified in Exam 2) . A t-test shows that Above Average decline in mistakes identified between HW3 and HW4 is significant (t = 2.28, p = 0.03, d = 0.37) while the decline between HW4 and Exam 2 is not significant. As for the Below Average group, the decline between HW3 and HW4 is significant (t = 2.31, p = 0.03, d = 0.41) and the increase in mistakes identified between HW4 and Exam 2 is not significant. Both Conceptual and Non-Conceptual Mistakes results were not included as both do not provide any significant findings to the study. 
Results -Improvement Model
Tests were conducted to explore the correlation between the important variables (see Appendix D). Two variables significantly correlate with the Improvement scores: HW4 General Mistakes Identified per Student (r = -0.32, p = 0.00) and HW4 Grades (r = 0.27, p = 0.03). Both variables have a moderately high predictive effects on Improvement. The negative correlation between Improvement Scores and HW4 General Mistakes is a sanity check as it makes sense for students to show improvement by reducing type of general mistakes made. It is also encouraging to see that improvement achieved by the students in HW4 could be reflected on students' performance on Exam 2.
To show impact of wrappers on students' Improvement scores, a Wrapper Model that includes all Wrapper variables was created (Refer to Appendix A for categorization of each variable). Several steps were done to ensure the analysis is reliable:
1. The final sample size for the regression analysis is 67. Three observations were removed due to missing of data in Gender and Ethnicity. 2. Multiple Imputation using Chain Equations (MICE) 11 was conducted to fill 0.78 percent of missing data due to randomness (students forgetting to answer those questions while filling out the wrappers). 3. Exam 2 related wrapper variables were not included in the analysis since the information was obtained only after the students completed the exam. 4. All the variables were scaled a Z-score to ensure a standardized field for the model. 5. Both confidence level measures are combined as an average of both named "HW Confidence". This was done to avoid multicollinearity as both are highly correlated with each other (r = 0.67, p = 0.00) and both have a Cronbach's Alpha of 0.8. Table 8 ) reveal that only "HW4 Type of General Mistakes Made per Student" plays a statistically significant role in predicting the Improvement scores.
Overall, the wrapper model only predicts 9.5 percent of the variation in Improvement scores, but is statistically significant. However, it is encouraging to note that the variable with the next highest impact is "HW Concepts Confidence". This suggests that Concepts Confidence may play an important role in predicting variation in Improvement and it should be continued as part of future experiment designs. The Conceptual and Non-Conceptual Mistakes from HW4 wrappers were removed from the analysis as initial analysis presented both variables as non-factors in the model.
To further explore other predictors, Model 2 was generated by including five additional variables: three students' performance related variables (HW3 and HW4 Grades and selfreported Time Spent Working on Exam 2) and two demographic variables (gender and ethnicity). This model explains 11.3 percent of the variances, making it a better model than Model 1, even though it is not a statistically significant model. However, looking closely to each of the variables, HW4 General Mistakes is still the variable that contributes most significantly to the Improvement scores prediction. This is further supported by the HW4 Grades also shown as a significant contributor as a predictor. It must also be noted that students with lower satisfaction their HW4 performance show a higher increase in improvement. This could be attributed to students who were less satisfied with their HW4 performance working harder to improve their performance. Students who had higher grades in HW4 also show higher increase in improvement scores.
Discussion and Implications
In considering our first research question on what can be learned from students' experiences with homework and exam wrappers, with the exception of satisfaction levels, the Data Set Overview shows positive chronological changes during the course with respect to students' confidence levels and type of mistake identified per student. This provides a context showing improvement occurred during the period in which wrappers were conducted. The low satisfaction levels of HW4 and Exam 2 could be attributed to students' being tasked to set up the problem and draw FBDs. The results, albeit promising, do not show evidence of whether the wrappers played a direct role in the improvement.
In the open-ended response analysis, however, there is compelling evidence demonstrating the direct role of wrappers in contributing to these improvements. A high percentage of students reported "Yes" when asked whether they implemented the future strategies they listed, which reflects students' high engagement with the wrappers. Furthermore, the anecdotal quotations presented show the impact of wrappers on student learning and how the use of these strategies had a positive impact on student learning and course performance.
A major insight gained from the score distribution analysis relates to students' learning and performance obtained from the wrappers. The findings have proven to be helpful in understanding students' performance in the class throughout the semester as patterns emerged from the data (e.g. the Above Average group consistently outperformed the Below Average group throughout the course). This shows that wrappers are useful tools for teaching teams to investigate how students learn in the class by extracting different information about the students' performance in different assignments. Teaching teams can potentially utilize the information to identify students who have been consistently underperforming and implement tactical outreach to these students, providing additional assistance in learning. This benefit provides a foundation for future studies of how wrappers can represent evidence of learning.
The Improvement Model results show similar theme portrayed by the overall data overview and the score distribution analysis. The regression model shows that the wrapper variables from HW3 and HW4 wrappers only explains 10 percent of the variation in Improvement scores. However, several variables stand out as significant contributors to the model and these findings will help the team decision-making process in designing more optimized and effective wrappers.
The overall pattern that emerged from this study echoes the findings of Craig's paper on wrappers, which shows no evidence of wrappers affecting differential exam scores among students. 10 However, both studies show qualitative evidence of students benefitting in terms of improved performance from utilizing the wrappers to reflect on their study strategies.
Conclusion and Future Work
The findings presented in this paper suggest wrappers can have an important impact on students' learning in engineering statics. The findings from the quantitative analyses identify some promising spots, such as the potential of wrappers to influence students' improvement as seen in the increase in students' confidence on statics concepts and a decrease in the type of mistakes identified in assignments. The qualitative findings make a stronger argument for the benefits of wrappers as students elaborated positively on how they used wrappers to study better and improve their performance in assignments. These findings reiterate the promise of wrappers in engineering education.
Following our second research question on what insights into the student learning and the course experience can the teaching team gain from reflections captured in homework and exam
wrappers, this study demonstrated the usefulness of wrappers to obtain information about how students learn and study. The score distribution analysis demonstrated that information can be extracted from the wrappers to inform the teaching team about what students' understanding of content and skill level. The teaching team could use this information and take appropriate measures and actions. Wrappers can be mutually beneficial to both students and the teaching team to improve and enhance the teaching and learning experience.
In future research, the researchers are planning to devise an approach for assessing metacognitive skills that incorporates triangulation among quantitative and qualitative self-reported data as well as independent measures in order to provide further evidence of the impact of wrappers. This will be done because this study used self-reports as proxy measures of metacognitive skill and the self-reported qualitative and quantitative data could be skewed since the students were asked to write their names on the wrappers, which might have prompted students to think twice before filling out the wrappers.
The researchers will also collect more data to obtain a larger sample for analysis as the size of the data set is small relative to those in other studies. The findings from this smaller sample may not be as representative or generalizable to a larger student population.
Lastly, the development of a control group or other comparison groups will also be explored as comparing responses and grades for students who were introduced to the wrappers and those who were not would provide a more nuanced understanding of the impact of wrappers. Previous studies on wrappers involved several groups for comparison; students were grouped based on how many courses they took that involved wrappers in Lovett's paper and three randomized groups were given three different wrappers in Craig's paper 9, 10 . Also, the wrappers will be refined to optimize the benefits to student learning and performance. Several areas for improvement include reducing the number of questions and increasing the number of wrappers provided in the course. Figure 3a , is in equilibrium (note that member AB is a two-force member). Using the free-body diagram given in Figure 3b answer This activity is designed to give you a chance to evaluate your HW4 performance. Please skim through your graded HW4 and take 5 minutes to complete this activity sheet. Answer the questions as honestly as possible as you are only graded for completion. 
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